Introduction
The gut flora is a collection of microorganisms that live within the intestine, creating a harmonious ecosystem with concentrations of up to 10 11 -10 12 cells/g luminal contents and which represent approximately 60% of the fecal mass. 1 The gut flora performs many important health-promoting functions such as metabolic activities, fermenting unused energy substrates, producing vitamins or hormones to direct the host to store fats, immune system development, and preventing growth of pathogenic bacteria. [1] [2] [3] Moreover, recent studies have shown that gut flora may play a role in gut sensory and motor functions. 4, 5 Although a change in gut flora has been suggested as a possible pathogenesis of functional bowel disease, few studies exist on the relationship between functional constipation (FC) and gut flora. In a pediatric study, constipated children presented with a significant increase in Clostridia and Bifidobacteria in feces compared to healthy subjects. 6, 7 Another study showed that concentrations of Bifidobacterium and Lactobacillus were significantly lower in constipated patients. 8 These previous studies evaluated standard microbial cultures using selective media, but the methods lacked reproducibility. Approximately 40-80% of bacteria observed by a direct microscopic examination are not recoverable by culture, although estimates vary among individuals and studies 1 . Additionally, the culture method can not detect both dead and live microbes in fecal samples, which is another limitation. 9 Advances in bacterial taxonomy based on molecular methods, especially comparison of the 16S ribosomal RNA gene, have made cultivation-independent investigation the standard approach for microbial community analysis. 10, 11 The influence of gut flora on FC can be assessed by examining the symptomatic effects of probiotics administered to FC patients. Several studies have suggested probiotics as a possible treatment agent. [12] [13] [14] The therapeutic outcome of a specific probiotic in the management of patients with FC depends on various factors, including bacterial strains, treatment duration, administration form and dose, and host factors. Currently, due to the paucity of data, whether any particular probiotic is more effective in the treatment of FC remains inconclusive. Additionally, whether the improvement of symptoms is directly due to a change in gut flora itself is unclear. Therefore, in this study we investigated the characteristics of gut microbiome in patients with FC using molecular methods and evaluated the influence of a short-term treatment with VSL#3 probiotic, consisting of multiple viable lactic acid bacteria, on gut flora and the improvement of symptom profiles. Similar studies have not been reported previously, thus we performed this pilot study in preparation for larger and more advanced studies.
M aterials and M ethods

Eligibility
We recruited 30 FC patients and 30 healthy controls from 6 university hospitals between October 2011 and August 2012. The inclusion criteria were as follows: 20-59 years of age; fulfilling Rome III criteria for FC for at least 5 years; availability of at least one gastrointestinal (GI) imaging study during the last 5 years; and availability for the entire study period. Healthy controls were enrolled after excluding of any GI complaints and colonoscopies were performed in controls over 40 years of age to eliminate other organic bowel diseases.
Subjects with other GI symptoms, a history of GI surgery, organic intestinal diseases, lactose malabsorption, pregnant or lactating, or severe systemic diseases including diabetes, cardiovascular problems, or neurologic diseases were excluded. Subjects with a history of antibiotic treatment or intentional probiotic consumption 1 month prior to starting this study were also excluded.
All participants provided written informed consent according to institutional guidelines, and the protocol was approved by the Institutional Review Board of the participating hospitals.
This study was registered at the Clinical Research Information Service (CRiS), registration number KCT0000448.
Study Design
This was a non-randomized controlled study evaluating the characteristics of fecal flora in FC and the comparative effects of probiotics between the FC and control groups. In the protocol, a 1-week run-in observation period was followed by a 2-week treatment period, with fecal samples obtained before and after the treatment period. All subjects received a VSL#3 sachet ( During the study period, subjects were required to record a Clostridium spp.
Escherichia coli
Bifidobacterium spp.
Lactobacillus spp. Subjects who showed symptomatic improvement of functional constipation were followed up monthly by telephone interview for 6 months.
Stool samples collected from all subjects were stored at − 80 o C for DNA extraction and quantitative real-time polymerase chain reaction (qRT-PCR).
Fecal Microbiological Analyses
Fecal DNA was extracted using the QIAamp stool DNA Extraction kits (Qiagen, Valencia, CA, USA) according to manufacturer's instructions. Quantitative RT-PCR was performed using the ABI SYBR Green PCR Mastermix from Applied Biosystems (Foster City, CA, USA), with primers amplifying the genes encoding 16S rRNA from specific bacterial groups including Bacteroides spp., Clostridium spp., Escherichia coli, Bifidobacterium spp., and Lactobacillus spp. (Table 1) . 16 Quantitative RT-PCR assays were conducted in 96-well plates using a ABI PRISM7000 system (Applied Biosystems). Quantitative RT-PCR standards were generated by PCR amplifying and cloning the target 16S rRNA from an appropriate positive control strain. Melting curve analysis of qRT-PCR products was conducted following each assay to confirm the fluorescence signal originated from specific products and not from primer-dimers or artifacts. All qRT-PCR plates included a 'no template' negative control for each primer set. All microbiology analyses of fecal samples were performed in a blinded manner, without knowledge of the subjects' information. The relative gene expression of gut flora was normalized to 16S rRNA expression, the internal reference, in fecal samples using the comparative C T (threshold cycle) method. 17 The concentrations of each bacteria in constipated patients or treated group were expressed as a quantitative "fold difference" of bacterial ΔCt values in the subjects compared to mean ΔCt values of control group or pretreated group using the formula of exponential 2
−[(C T gene of specific bacterial species − C T 16S rRNA per g of sample) − mean C T of control group or untreated group]
Statistical Methods
This study included 30 patients with FC and 30 controls. Continuous variables are reported as medians with range and/or means ± SD, and categorical variables as relative frequencies.
The CSBM scores and Bristol scales are summarized as the means ± SD before and after VSL#3 ingestion. The comparative analysis of symptomatic scores was performed by paired t test.
Fold differences of 5 bacterial species before and after probiotic treatment were compared using the Wilcoxon signed-rank test. Fold differences in the bacterial species between FC patients and controls were compared using the Mann-Whitney test. All P-values were two-sided and P-values < 0.05 were considered to indicate significance. All analyses were performed using SPSS software, version 18.0 (SPSS Inc., Chicago, IL, USA). −ΔΔCT was calculated using the comparative CT (threshold cycle) method. The fold differences of Bifidobacterium and Bacteroides species in fecal specimens from constipated patients were significantly lower compared to controls (P = 0.030 and P = 0.021, respectively; Mann-Whitney test). Bold line shows the median value of each group. 
Results
Subjects' Clinical Characteristics
A total of 60 subjects (30 FC and 30 controls) provided fecal samples. Females represented 65% of the subjects, with a mean age of 33 years (range 22-42 years). The mean age of patients with FC was significantly greater than that of controls (35 ± 5 vs. 32 ± 3 years, respectively; P = 0.010). Body mass index (BMI) was similar in the 2 groups (Table 2 ). Most patients with FC did not take a laxative during the study period, and only 2 patients used bisacodyl tablets and suppositories intermittently as rescue treatments when they did not have a bowel movement for 4 days. All subjects took VSL#3 for 2 weeks.
Fecal Microbiology by Quantitative Real-time Polymerase Chacin Reaction
Comparison of fold differences in concentrations of gut flora between functional constipation patients and controls
Fecal qRT-PCR showed a significant low value in Bifidobacterium and Bacteroides species in fecal specimens from constipated patients when compared to healthy controls (P = 0.030 and P = 0.021). No significant differences were observed in the fold dif- Figure 2 . Fold differences in each bacterial gene expression were calculated using the formula 2 −ΔΔCT and represented as relative expression after normalization to pre-treated group. In healthy controls, fold differences of Lactobacillus, Bifidobacterium and Bacteroides species increased after VSL#3 ingestion compared to before ingestion (P = 0.022, P = 0.018, and P = 0.076, respectively; Wilcoxon signed-rank test). Bold line shows the median value of each group. ferences of Lactobacillus, Bifidobacterium, and Clostridium species between fecal samples from FC patients and controls (Fig. 1) .
Comparison of fold differences in concentrations of gut flora after VSL#3 ingestion
In controls, fold differences of Lactobacillus, Bifidobacterium, and Bacteroides species increased after ingesting VSL#3, compared to before ingestion (P = 0.022, P = 0.018, and P = 0.076; Fig. 2 ). However, in constipated patients, the fold differences of all bacteria did not increase significantly (Fig. 3) .
When the fluctuation of gut flora per person before and after ingesting VSL#3 were analyzed, the mean delta values of fold differences of beneficial bacteria were not significantly different between FC patients and controls (P = 0.228 for Lactobacillus, P = 0.732 for Bifidobacterium, and P = 0.448 for Bacteroides).
Symptomatic Relief of Functional Constipation After Ingesting VSL#3
Complete spontaneous bowel movements
The mean CSBM score per week in constipated patients increased significantly after VSL#3 ingestion for 2 weeks (6.3 ± 3.1/week), compared to before ingestion (2.5 ± 1.3/week, P < 0.001). Significant improvement of the mean CSBM scores was shown in constipated patients after VSL#3 ingestion for 1 week (2.5 ± 1.3/week vs. 5.4 ± 2.8/week, P < 0.001; Fig. 4) . Additionally, the mean CSBM scores in constipated patients increased significantly after 2 weeks of VSL#3 ingestion compared to after 1 week of ingestion (P = 0.032).
In healthy controls, no significant difference between the mean CSBM scores before (6.6 ± 2.4/week) and after (7.6 ± Figure 3 . In constipated patients, the fold changes of all flora bacteria did not increase siginificantly (Wilcoxon signed-rank test). Bold line shows the median value of each group. The mean complete spontaneous bowel movement (CSBM) scores per week in constipated patients increased significantly after VSL#3 ingestion for 2 weeks (6.3 ± 3.1/week), as compared to before ingestion (2.5 ± 1.3/week, P < 0.001). A significant improvement in the mean CSBM scores was shown in constipated patients after VSL#3 ingestion for 1 week (2.5 ± 1.3/week vs. 5.4 ± 2.8/week, P < 0.001). Additionally, the mean CSBM score in constipated patients increased significantly after 2 weeks of VSL#3 ingestion as compared to after 1 week of ingestion (P = 0.032, paired t test).
2.3/week) VSL#3 ingestion was observed (P = 0.084; data not shown).
Stool consistency
The mean Bristol scores in constipated patients were significantly higher after VSL#3 ingestion for 2 weeks (4.1 ± 0.9) than after ingestion for 1 week (3.7 ± 0.9, P = 0.014), as well as those before VSL#3 ingestion (2.6 ± 0.7, P < 0.01). A significant improvement in the mean Bristol score of patients was also evident after VSL#3 ingestion for 1 week (P < 0.001; Fig. 5) .
In healthy controls, no significant difference in the mean Bristol scores before (4.0 ± 0.7) and after (4.3 ± 0.8, P = 0.073) VSL#3 ingestion was observed.
Subjective symptoms
Relief of subjective CSBM frequency, stool consistency, and abdominal bloating in the FC group after ingesting VSL#3 for 2 weeks were reported in 70%, 60%, and 47% of patients, respectively. The mean Bristol scores in constipated patients were significantly higher after VSL#3 ingestion for 2 weeks than after 1 week (3.7 ± 0.9 vs. 4.1 ± 0.9, P = 0.014), or before ingestion (2.6 ± 0.7 to 4.1 ± 0.9, P < 0.001). A significant improvement in the mean Bristol scores in constipated patients was also observed after VSL#3 ingestion for 1 week (P < 0.001, paired t test). After the VSL#3 ingestion period ended, 18 constipated patients who had symptom improvement were followed up monthly by telephone interview. Constipation-related symptoms such as hard stool or reduced defecation frequency recurred in 11 patients (61%). In particular, nine patients (50%) complained of the original symptom severity (A). Of the 11 patients with recurrence, 8 (72.7%) reported constipation-related symptoms within 1 month after stopping probiotic ingestion (B).
After VSL#3 ingestion, 18 constipated patients who showed symptom improvement were followed up once per month by telephone interview. Constipation-related symptoms including hard stool or reduced defecation frequency, recurred in 11 patients (61%). Specifically, 9 patients (50%) complained of having the original symptom severity: the original hard stool level in 5 patients (28%) and reduced defecation frequency in 9 (44%). Of 11 patients with recurrence, 8 (72.7%) reported recurrence of constipation-related symptoms within 1 month (Fig. 6 ).
Discussion
The rationale behind research on gut flora in constipated patients is related to the possibility of altering the delayed transit. Our study are meaningful not only because they revealed the quantitative difference in the main gut flora of patients with FC, but also because they show the effect of probiotics on FC, which is likely mediated by the gut flora. Moreover, this is the first study of the effectiveness of VSL#3 for FC.
There have been limited studies suggesting the effect of a change in gut flora on FC. A previous study showed that Bifidobacterium and Lactobacillus concentration were lower in constipated patients, 8 in agreement with several older pediatric studies. 6, 18 The role that gut flora play in the pathogenesis of FC remains unclear. A microbiological study using traditional culture methods showed that some obligate bacteria, including Lactobacillus, Bifidobacterium, and Bacteroides spp. decreased, while potentially pathogenic bacteria increased, in patients with chronic constipation. The study reported that relief of constipation tended to normalize these findings, suggesting that the gut flora is secondary to, rather than a cause of, constipation. 8 However, the post-treatment changes in flora were not prominent and were considered to have been analyzed only roughly. The composition of the gut microbiota can change temporarily following bisacodyl treatment. Several investigators have suggested that changes in the gut flora could alter the motor and secretory functions of the bowel.
Probiotic studies in both animals and humans showed similar results in terms of stimulating motility, although the direct effect of probiotics on the gut flora has not been investigated. 4, 5, 12, 19, 20 Our results also revealed a change in the gut flora in patients with FC. The fold differences in the concentrations of Bifidobacterium and Bacteroides spp. were significantly lower in the feces of patients with FC compared with in the controls. However, this result does not necessarily mean that Bifidobacterium and Bacteroides decrease colonic transit time. Each strain must be tested on pateints with FC, followed by measurements of colonic transit time. While some studies show that Bifidobacterium spp. decreases gut transit time in healthy adults, there are no studies of the influence of Bacteroides on gut transit. [21] [22] [23] In our study, the VSL#3 probiotic was administered with the expectation that it would change the gut flora, and improve bowel movement frequency, stool consistency, and bloating in patients. However, no significant changes in the fold differences of levels of the five bacterial taxa after ingesting VSL#3 were identified in the feces of patients with FC, although gut colonization by lactic acid bacteria in VSL#3 was confirmed in controls. The mean delta values of fold differences of beneficial bacteria were still not significantly different between FC patients and controls. It could be associated with the data showing that the changes of fold differences before and after treatment were not significant in FC but significant in control, although the fold differences in the concentrations of the beneficial bacteria in FC patients were significantly lower than in controls before ingesting VSL#3.
The possible reasons for the discrepancy between symptom improvement and gut floral changes after ingesting VSL#3 include that other bacterial species whose concentrations may have changed in constipated patients were not measured in this study, although these 5 bacterial taxa account for a substantial portion of the fecal flora. The other possibility is that physiologically active substances produced by the gut flora may have affected colon transit, regardless of the fold differences in the concentration of bacterial species. 12, [24] [25] [26] Several studies have demonstrated that administering probiotics or prebiotics such as Lactobacillus-enriched artichoke reduced visceral hypersensitivity and inflammation, or relieved symptoms of constipation, without altering bacterial populations. [26] [27] [28] Probiotics are capable of lowering intracolonic pH due to bacterial SCFA production. In turn, a lower pH enhances colonic peristalsis, decreasing transit time. 29 It is not necessary for probiotics to colonize the human intestine to exert a beneficial effect on health.
1 Bacterial colonization by short-term ingestion of probiotics may not be effective in a diseased bowel. The constipated subjects enrolled in this study had a long symptom history, and the laxatives previously used were not effective in relieving symptoms. Our study revealed that a 2-week ingestion of VSL#3 resulted in colonization of the gut in controls. Although CSBMs and stool consistency tended to increase, no clinically significant difference in bowel parameters was observed in controls. Further studies are needed to confirm the difference in colonization between controls and patients with FC after probiotic treatment, and to identify the underlying mechanism.
Much clinical experience and some data suggest that probiotics may be beneficial in many types of intestinal disorders, especially diarrheal diseases. 30 Orally administered probiotics have been considered to target the motor and neural apparatus in post-infective gut dysfunctions. 25 Probiotics including lactic acid bacteria were shown to be effective for the relief of abdominal bloating in patients with diarrhea-predominant irritable bowel syndrome (D-IBS), but did not show a significant alteration in gut transit. 31, 32 Studies involving the administration of a probiotic, B. lactis DN-173 010, showed improved colonic transit times in both a healthy population and constipated patients. 20, 33, 34 The mechanism of action of the intestinal flora in this regard remains unclear. The data published to date do not provide sufficient evidence to support a general recommendation of the use of probiotics for the treatment of FC. 29 The VSL#3 probiotic was chosen because studies have suggested that in constipated patients, probiotics may be more effective if multiple strains are administered together. 12, 29, 35 VSL#3 contains eight strains of live lactic acid bacteria that were selected to produce an optimal synergistic effect. In several D-IBS studies, lactic acid bacteria were shown to reduce abdominal bloating compared to a placebo and influence gut transit and bowel dysfunction, 31, 32 However, no reports are available on the effectiveness of VSL#3 for FC. The duration of probiotic administration generally varies from 2 to 6 weeks or more, at least in D-IBS patients. We administered the probiotic to all subjects for 2 weeks. Administration for longer periods may have influenced patient compliance, and thus a shorter treatment periods was used. Instead of using a 2-week study period, the daily dose was doubled. None of the patients complained of side effects, and all showed good compliance with treatment.
The fact that 70% of the patients were satisfied with their symptomatic relief of bowel movement frequency is considered to be a very good outcome of VSL#3 treatment. However, it should be noted that at least 30% of constipated patients were unsatisfied with the double-dose VSL#3 treatment. In addition, 61% of patients who showed improvement had their constipation symptoms recur after treatment cessation, mostly within 1 month. Although the gut flora composition of an individual can fluctuate under different circumstances, such as dietary interventions, acute infection, and antibiotic treatment, it usually returns to normal or remains constant. 1 According to our results, some constipated patients may derive substantial benefit from a combination of multiple probiotic strains. However, the treatment may need to be administered on a cyclical schedule or repeatedly because the resultant favorable effect is temporary. 36 Quantitative analysis of fecal bacteria shows important differences in yield that are not always detectable by conventional culture techniques. 1 The molecular method used in our study, however, had limitations in terms of estimating the composition of the colonic flora and providing a generalized view of the diverse intestinal flora compared with pyrosequencing methods. We used a comparative CT method to normalize the bacterial gene expression to total 16S rRNA in each fecal sample. This compensatory analysis is considered to be resonable to compare gut flora between groups in this study. We also acknowledge a limitation of not involving a metabolomics study such as short chain fatty acids and pH. Additionally, the effect of VSL#3 on constipation symptoms was evaluated without a placebo group in this pilot study. However, a symptom assessment was conducted based mainly on CSBMs and stool consistency, which are relatively objective, as well as numerical counts. It is difficult to conclude that only a placebo effect was responsible for the improved symptoms of constipated patients with a long symptom history, and who had not responded to various laxatives.
Nevertheless, this pilot study is useful because it shows that gut flora can impact disturbed bowel function, as evidenced by the improvement of FC after short-term administration of a probiotic, as well the difference in gut flora concentrations between constipated patients and controls.
In conclusion, quantitative alterations of specific bacterial groups in the gut flora were found in patients with FC. VSL#3 could be effective in terms of improving clinical symptoms in constipated patients, although its direct effect on the gut flora of constipated patients remain unclear. More studies should aim to elucidate the mechanism underlying the effect of short-term treatment with VSL#3 on FC, particularly in light of its metabolomic effect on the gut flora.
